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7KH SDUDGLJP RI ,QGXVWULDO 6\PELRVLV ,6 LPSOLHV WKDW D
JURXS RI YDULRXV ORFDO HQWLWLHV FRRSHUDWHV WR LQWHUFKDQJH
PDWHULDOV HQHUJ\ ZDWHU DQG E\SURGXFWV LQ RUGHU WR REWDLQ
PDMRUEHQHILWV WKDQ WKHVXPRI LQGLYLGXDODFKLHYDEOHEHQHILWV
IURPLVRODWHGHQWLWLHV>@
0DQ\ RI WKH 8QLWHG 1DWLRQV 6XVWDLQDEOH 'HYHORSPHQW
*RDOV 6'*V >@ FDQ EH DIIHFWHG E\ WKH GHYHORSPHQW RI DQ
LQGXVWULDOV\PELRVLVZKLFKVHHPVWRGLUHFWO\LQIOXHQFH*RDOQ
 5HVSRQVLEOH FRQVXPSWLRQ DQG SURGXFWLRQ $FFRUGLQJ WR
OLWHUDWXUH HYLGHQFHV ,6 PLJKW LQGLUHFWO\ LPSDFW *RDO Q 
&OHDQZDWHUDQGVDQLWDWLRQ>@*RDOQ$IIRUGDEOHDQG
FOHDQ HQHUJ\ >@ *RDO Q  'HFHQW ZRUN DQG HFRQRPLF
JURZWK>@DQG*RDOQ&OLPDWHDFWLRQ>@
7KH ODUJH XQFHUWDLQW\ UHJDUGLQJ ZKDW 6'*V FRXOG EH
VXSSRUWHGE\,6VHHPVGXHWRVHYHUDOIDFWRUVWKHQDWXUHRIWKH
H[FKDQJHGIORZVZLWKLQWKHV\PELRVLVWKHDJUHHGREMHFWLYHWR
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WKH LQWURGXFWLRQ RI QHZ HQYLURQPHQWDO ODZVDQGRWKHUSROLF\
PHDVXUHVZKLFK WULJJHUHG WKH LQWURGXFWLRQ LQ WKHQHWZRUNRI
QHZWHFKQRORJLHVZLWKWKHJRDOWRUHDFKFRPSOLDQFHZLWKWKHVH







IORZV RSWLPL]DWLRQ $V D UHVXOW FRPSOH[LW\ PDQDJHPHQW RI
V\PELRWLF DFWLYLWLHV KDV SURGXFHG LQ OLWHUDWXUH QXPHURXV
LQGLFDWRUV DVZHOO DV D ODFN RI VWDQGDUGL]DWLRQ >@ 6LQFH ,6
SDUNV DUH JHQHUDOO\ FRPSRVHG E\ SULYDWH LQGXVWULHV WKH
HFRQRPLFGULYHUDSSHDUVWREHWKHPDLQGULYHULQWKHQHWZRUN
VHWWLQJ $W WKH VDPH WLPH IORZV FLUFXODUL]DWLRQ FDQ OHDG WR
ZRUVHQ WKH SHUIRUPDQFHV IRU OHVV VWUDWHJLF DUHDV OLNH
HQYLURQPHQWDORU VRFLDODUHDV >@ LQFDVH WKH IORZDOORFDWLRQ
EDVHVRQO\RQHFRQRPLFLQGLFDWRUV'LIIHUHQWDXWKRUVXQGHUOLQH
WKHUHOHYDQFHRIFROODERUDWLYHLQIRUPDWLRQVKDULQJDQGWKHXVH
RI /LIH &\FOH $VVHVVPHQW /&$ PHWKRGRORJ\ LQ RUGHU WR
HQVXUH HQYLURQPHQWDO FRQJUXHQFH IRU VLQJOH FRPSDQLHV LQ D
V\PELRVLVSHUVSHFWLYH>@
7KH /&$ DSSOLFDWLRQ IRU WKH SHUIRUPDQFH DVVHVVPHQW RI
V\PELRVLV QHWZRUN KRZHYHU IDFHV WKH IROORZLQJ VSHFLILF
FKDOOHQJHV





XVH DQG WKHLU ILQDO HFRQRPLF YDOXH PD\ FKDQJH IURP D
VWDNHKROGHUWRDQRWKHU>@
x System boundaries: WR SURGXFH VLJQLILFDQW UHVXOWV V\VWHP
ERXQGDULHV VKRXOGDW OHDVW LQFOXGH UDZPDWHULDOH[WUDFWLRQ
DQG FRPSDQ\ JDWHV WR GLVWULEXWLRQ IRU WKH ODVW FRPSDQ\
XVLQJFLUFXODUL]HGIORZV>@'XHWRWKHLQWULQVLFIOH[LELOLW\
RI QHWZRUNV DQG WR GLIIHUHQW FRQILJXUDWLRQV ERXQGDULHV
PLJKWFKDQJHLQYROYLQJDSRWHQWLDOQRQFRPSDUDELOLW\RIWKH
UHVXOWV 
x Data reliability: LQYHQWRU\ VKRXOG EH EDVHG RQ FRPSDQ\
VSHFLILF GDWD DFFRUGLQJ WR D FROODERUDWLYH DSSURDFK 7KH
LQYHQWRU\ RI DYHUDJH GDWD IRU DOO FRQVXPSWLRQV DQG
HPLVVLRQVRIVLQJOHFRPSDQLHVDSSHDUGLIILFXOWWREHUDSLGO\
FROOHFWHG DQG DOLJQHG IRU WKH DVVHVVPHQWV RI D QHWZRUN
FRQILJXUDWLRQ2QWKHRWKHUKDQGWKHXVHRIOLWHUDWXUHGDWD
FDQLQWURGXFHDODFNRIUHOLDELOLW\RIWKHUHVXOWV
x Corrective assessment: WKH FLUFXODUL]DWLRQ RI FRPSDQ\
IORZV LQYROYHV D WHFKQLFDO VXEVWLWXWLRQ RI HQHUJ\ DQGRU
PDWHULDO IORZV 6XFK VXEVWLWXWLRQ VXIIHUV IURP GLIIHUHQW
FRQVWUDLQWV OLNH WKH DFWXDO GHPDQG RI WKH PDWHULDOHQHUJ\
DQG WHFKQLFDO OLPLWV LQ IORZVXEVWLWXWLRQLHTXDQWLW\RID
FHUWDLQPDWHULDO WKDW FDQ EHXVHG IRU WKH VDPHSXUSRVHRI
DQRWKHU PDWHULDO ZLWKLQ D SURGXFW ZLWKRXW FKDQJLQJ
WHFKQLFDO SURSHUWLHV DQG TXDQWLW\ RI WKH RXWSXW
)XUWKHUPRUHDQDGGLWLRQDOLQWHUPHGLDWHSURFHVVLQJPD\EH
UHTXLUHG WR FRQIRUP D IORZ IRU D VSHFLILF VXEVWLWXWLRQ
$QRWKHU FRQVWUDLQW FRXOG UHJDUG WKH WHFKQLFDO OLPLW LQ
VXEVWLWXWLQJDVSHFLILFLQSXWZLWKDFRPSRVLWLRQRIGLIIHUHQW
IORZVLHDPRXQWRIGLIIHUHQWUHF\FOHGPDWHULDOVLQSODFHRI
YLUJLQ PDWHULDO ZLWKLQ WKH VDPH SURGXFW $OO WKHVH
FRQVWUDLQWVVKRXOGEHLQFOXGHGLQWKHPRGHO 
x Assessment criteria: V\PELRVLV LQYROYHV GLUHFW RU LQGLUHFW
VDYLQJV LQ FRQVXPSWLRQ RI YLUJLQ UHVRXUFHV ,Q RUGHU WR
DVVHVV VXFK EHQHILWV GLIIHUHQW PHWKRGRORJLHV IRU FUHGLW
DVVHVVPHQWVFDQEHDSSOLHG6SHFLILFDOO\WKHDVVHVVPHQWRI
DYRLGHG SURGXFWLRQ LV D IXQGDPHQWDO SDUW RI WKH
FRQVHTXHQWLDO /&$ PRGHOOLQJ $V D UHVXOW WKH XVH RI
DWWULEXWLRQDO DQG FRQVHTXHQWLDO PRGHOOLQJ GHSHQGV RQ WKH
SXUSRVHVRIWKHILQDOVWXG\DQGIURPWKHLPSDFWPDJQLWXGH
RIWKH,6RQWKHEDFNJURXQGV\VWHP>@0RUHLQSDUWLFXODU
D VKLIW RI VWXG\ IRFXV WRZDUGV WKH EDFNJURXQG V\VWHP
UHTXLUHVWKHXVHRIFRQVHTXHQWLDO/&$>@
x Reference scenario: WRLQWURGXFHDFRPSDUDWLYHDVVHVVPHQW
UHVXOWV DUH RIWHQ FRPSDUHG ZLWK D UHIHUHQFH VFHQDULR LQ
ZKLFKIORZVDUHQRWFLUFXODUL]HGDQGFRPSDQLHVRSHUDWHVDV
VHSDUDWH HQWLWLHV 6XFK VFHQDULRV DV ZHOO DV DOWHUQDWLYH
VFHQDULRV DUH EDVHG RQ WKH DVVXPSWLRQ WKDW PXOWLSOH
FRPSDUDWLYH DVVHVVPHQWV FDQ SURYLGH WKH EDVLV IRU D
VHQVLWLYLW\DQDO\VLV>@+RZHYHUWKHV\PELRVLVLQWURGXFHV
SRWHQWLDO QHZ EXVLQHVV PRGHOV DQG QHZ SURGXFWV ZLWK
LPSURYHG IHDWXUHV LQ WKLV FDVH FRPSDULVRQ ZLWK VSHFLILF
LVRODWHGFDVHFDQEHLQDGHTXDWH>@ 
x Integration with other decisional areas: /&$ DV ZHOO DV
FRVWEDVHGPHWKRGRORJLHV FDQEH LQVXIILFLHQW WR UHSUHVHQW
WKH SRWHQWLDOLWLHV DVZHOO DV EDUULHUV LQ FUHDWLQJ V\PELRVLV
DFWLYLWLHV 6RFLDO DQG ORFDO LPSDFWV RQ GLUHFW VWDNHKROGHUV
FDQVLJQLILFDQWO\LQIOXHQFHWKHILQDODVVHVVPHQWDWGHFLVLRQDO
OHYHO ,Q VXFK VHQVH WKH LQWURGXFWLRQ RI 6RFLDO /&$ 6
/&$DQG5LVNLQGLFDWRUVDUHHPHUJLQJDVUHOHYDQWGULYHUV
LQSURPRWLQJV\PELRWLFFROODERUDWLRQ>@
x Results interpretation: $Q DJUHHG SURFHGXUH IRU LPSDFW
FDOFXODWLRQ RI IOH[LEOH QHWZRUNV FDQ SURGXFH HQGWRHQG
LPSDFWYHFWRUVWKDWDUHUHIHUUHGWRVSHFLILFFRQILJXUDWLRQVRI
V\PELRWLF FOXVWHUV +RZHYHU WKH RSWLPL]DWLRQ DQG
LQWHUSUHWDWLRQ RI VXFK UHVXOWV VHHPV VWLOO WR QHHG IXUWKHU
GHYHORSPHQWV ,QGHHG FRQVWUDLQV TXDQWLILFDWLRQ DQG




QDPHG 6\PE\1HW WR IRVWHU WKH LPSOHPHQWDWLRQ DQG
RSWLPL]DWLRQ RI LQGXVWULDO V\PELRVLV ZLWKLQ H[LVWLQJ LQGXVWU\
FOXVWHUVWKURXJKWKHOLIHF\FOHPHWKRGRORJ\
7KH6\PELRSWLPDDSSURDFK
7KH UHVHDUFK SURMHFW 6\PELRSWLPD IDFHG WKH SUREOHP RI
VLPXODWLRQDQGRSWLPL]DWLRQRI V\PELRVLVDFWLYLWLHVZLWKLQDQ
LQGXVWU\FOXVWHUSDUWLFXODUO\LQWKHSURFHVVLQGXVWU\VHFWRU>@
7KH UHVHDUFK REMHFWLYH LV IRFXVHG RQ SURYLGLQJ D VLQJOH
FRPSDQ\ ZLWK UHOLDEOH DVVHVVPHQWV LQ RUGHU WR LGHQWLI\
FOXVWHULQJRSSRUWXQLWLHVIRUV\PELRWLFFROODERUDWLRQZLWKRWKHU
FRPSDQLHV$FFRUGLQJWRWKHH[DPLQHGOLWHUDWXUHDQGEDUULHUV
D VHULHVRI SRWHQWLDO GHYHORSPHQWV IRU V\PELRWLF DVVHVVPHQWV
KDYHEHHQLPSOHPHQWHGZLWKLQ6\PE\1HW
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x Sustainability key performance indicatorsWKH6\PELRSWLPD
DSSURDFKLVEDVHGRQD/LIH&\FOH7KLQNLQJZKLFKPHDQV
WKDWHDFKV\PELRWLFDFWLYLW\FRQWULEXWHVWRDQRYHUDOOLPSDFW
RI WKHQHWZRUN WKURXJKDFUDGOHWRJDWHDGGLWLRQDO LPSDFW
1RUPDOL]DWLRQ DQG ZHLJKWLQJ DUH QRW FRQVLGHUHG DV
ZHLJKWLQJ LV QRW JHQHUDOO\ UHFRPPHQGHG LQ FRPSDUDWLYH
VWXGLHV GXH WR LWV VXEMHFWLYLW\ >@ &RQYHUVHO\ PLGSRLQW
LQGLFDWRUV RI HFRQRPLF HQYLURQPHQWDO DQG VRFLDO LPSDFW
DVVHVVPHQWDUHFRPELQHGWRSURYLGHDQRYHUDOO/LIH&\FOH
6XVWDLQDELOLW\$VVHVVPHQW /&6$SURILOH0RUHRYHU ULVN
LQGLFDWRUV FRQFHUQLQJ SRWHQWLDO ZRUNHU¶V KHDOWK DUH
DVVHVVHG 
x Optimization approach 6\PE\1HW DLPV WR LGHQWLI\ WKH
EHVWV\PELRVLVVFHQDULRZLWKLQDQXPEHURISRWHQWLDORSWLRQV
ZLWK GLIIHUHQW SRWHQWLDO SDUWQHUV DQG IORZV LQ RUGHU WR
PLQLPL]H VHOHFWHG /&6$ PLGSRLQW LPSDFW FDWHJRULHV
4XDQWLWLHVRIHDFKIORZFDQDOVRYDU\LQSUHVHQFHRIDIL[HG
QHWZRUNZKHUHPHPEHUV RI WKH FOXVWHUGR QRW FKDQJH ,Q
WKLV FDVH 6\PE\1HW DLPV WR LGHQWLI\ WKH RSWLPDO IORZ
GLVWULEXWLRQDPRQJVXFKFRPSDQLHV
x Bottom-up approachSURGXFHUVDQGEX\HUVRIZDVWHIORZV
DQG E\SURGXFWV FRQVWLWXWH D IOH[LEOH V\PELRWLF QHWZRUN
(DFK QRGH UHSUHVHQWV D VLQJOH FRPSDQ\ RU D VLQJOH





x Open symbiosis configurationLWLPSOLHVWKDWHDFKFRPSDQ\
FDQ DGRSW V\PELRWLF DFWLYLWLHV EDVHG RQ VSHFLILF EHQHILWV
ZLWK GLIIHUHQW SDUWQHUV QRW OLPLWHG LQ D ORFDO DUHD 7KH





IORZV WKDW FDQ EH FLUFXODUL]HG RQ D SK\VLFDO EDVLV DQG
DYRLGLQJWUDFNLQJIRUHDFKFRPSDQ\WKHZKROHLQYHQWRU\RI
HQHUJ\ DQG PDVV IORZV )XUWKHUPRUH LQIRUPDWLRQ LV
LQWHJUDWHG DV ,QGHSHQGHQW ,QIRUPDWLRQ0RGXOHV ,,0V LQ




LV UHTXLUHG WR SURYLGH D PLQLPDO VHW RI GDWD WKDW DUH
TXDQWLWLHV SURSHUWLHV RULJLQV DQG GHVWLQDWLRQV RI ERWK
FLUFXODUL]HGIORZVDQGIORZVWKDWFDQEHSDUWLDOO\RUWRWDOO\
UHSODFHG +HQFH JHRJUDSKLFDO FKDUDFWHUL]DWLRQ RI WKH





2.1. Identification and substitution of symbiotic flows 
6\PE\1HW IRFXVHV RQ WKRVH LQSXW RU RXWSXW IORZV RI
SURGXFWLRQ XQLWV WKDW FDQ SRWHQWLDOO\ EH UHXVHG RU VXEVWLWXWHG
ZLWKLQ WKH ,6 WKHVH HQHUJ\ DQG PDWHULDO IORZV DUH FDOOHG
³V\PELRWLF IORZV´7KHVXVWDLQDELOLW\DVVHVVPHQW LVUHODWHG WR
GLIIHUHQW SURGXFWLRQ XQLWV = LQ )LJXUH  ZLWKLQ D QHWZRUN
FRQVXPLQJ UHVRXUFHV DQG SURGXFLQJ JRRGV DQG HPLVVLRQV
,PSDFWV UHODWHG WR HQGRIOLIH WUHDWPHQWV DUH DOORFDWHG WR WKH
SURGXFHURIWKHZDVWHIORZ)ORZVWKDWDUHLQWHUFKDQJHGDPRQJ






WKH VDPH PHPEHUV WKH LQWURGXFWLRQ RI QHZ PHPEHUV RU D
FRPELQDWLRQ RI WKHVH WZR FDVHV ,Q RUGHU WR PDLQWDLQ D
FRQJUXHQW GHVFULSWLRQ DQG FRPSDULVRQ DPRQJ VFHQDULRV WKH
IROORZLQJK\SRWKHVLVKDYHEHHQLPSOHPHQWHG




WRSK\VLFDO WHFKQLFDODQGGHPDQGRIIHUEDODQFH OLPLWV ,6
QHWZRUNVFDQEHFRQVLGHUHGDVPXOWLIXQFWLRQDOV\VWHPVWKDW
SURGXFH VHYHUDO PDLQ SURGXFWV DQG E\SURGXFWV WKDW





6XEVWLWXWLRQ 5DWLR 65 ZKLFK FDQ WDNH LQWR DFFRXQW
GLIIHUHQW WHFKQLFDOSURSHUWLHVEHWZHHQ WKH VXEVWLWXWLQJDQG
WKHVXEVWLWXWHGIORZDQGWKHPD[LPXPSHUFHQWDJHWKDWFDQ
EHVXEVWLWXWHGZLWKRXWDOWHULQJWKHTXDOLW\RIWKH38SURGXFW
x ,QWHUPHGLDWH SURFHVVHV WKDW PD\ EH QHHGHG WR DGDSW IRU
H[DPSOHDZDVWHIORZWRDFHUWDLQUHXVHDUHDFFRXQWHGLQ
WHUPVRIDGGLWLRQDOLPSDFW
2.2. LCSA modularization 
,QRUGHU WR LQWURGXFH D FHUWDLQ GHJUHHRI IOH[LELOLW\ LQ WKH
PRGHOOLQJ RYHUDOO HIIHFWV RI VLQJOH LQFUHPHQWDO DFWLYLWLHV DUH
PRGHOOHG WKURXJK ,QGHSHQGHQW ,QIRUPDWLRQ 0RGXOHV ,,0V
7KLV DSSURDFK KDV EHHQ DSSOLHG WR SURGXFW FKDLQ DUHDV WR
FDOFXODWHWKHHQYLURQPHQWDO LPSDFWRIFRPSOH[VXSSO\FKDLQV
>@
0RGXODUL]DWLRQ LV ILUVWO\ DSSOLHG WR GHVFULEH FRPSDQ\
DFWLYLWLHVZKLFKDUHJURXSHGZLWKUHIHUHQFHWRVSHFLILF
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)LJXUH±$VVRFLDWLRQRIXQLWDU\ LPSDFW WRFLUFXODUL]HGV\PELRWLF IORZDQG
UHODWHGWUHDWPHQWSURFHVVHV

V\PELRWLF IORZV HJ VHW RI VXESURFHVVHV IRU WUDQVIRUPLQJ
RUJDQLFE\SURGXFWIRUDVSHFLILFXVHZLWKLQWKHFOXVWHU
0RGXODUL]DWLRQ LV WKHQ DSSOLHG WR FDOFXODWH WKH UHODWHG
LPSDFWV DQ /&6$ SURILOH LV FDOFXODWHG WKURXJK WKH OLQHDU
FRPELQDWLRQ RI IORZ TXDQWLWLHV DQG WKHLU UHVSHFWLYH /&6$
8QLWDU\ ,PSDFWV 8,$8, LV D YHFWRU UHSUHVHQWLQJ D VHW RI
PLGSRLQWHIIHFWVIRUWKHJURXSHGSURFHVVHVUHIHUUHGWRDVSHFLILF
V\PELRWLFIORZHJ8,LQFOXGHVFKDUDFWHUL]DWLRQYHFWRULQWKH







7KH VXVWDLQDELOLW\ LPSDFW ,/&6$IRU HDFK V\PELRWLF IORZ LV
FDOFXODWHG E\ D PXOWLSOLFDWLRQ RI 8QLWDU\ ,PSDFWV 8, DQG
UHVSHFWLYH TXDQWLWLHV TL TM DQG TN ] DQG ] UHSUHVHQW
UHVSHFWLYHO\ WKH RULJLQ DQG GHVWLQDWLRQ 3URGXFWLRQ8QLW 38
IRU D IORZ &RQVLGHULQJ D JLYHQ ] ] WKH LPSDFW RI
FLUFXODUL]HGIORZVLVDVVHVVHGLQE\DGGLQJWKHLPSDFWVRI
WKHWUDQVSRUWDWLRQSURFHVVtrIURPRQH38WRDQRWKHUDQGWKH
LPSDFWVRI LQWHUPHGLDWHSURFHVVHV ip WR DGDSW WKH IORZ WRD
VSHFLILFXVH HJSXULILFDWLRQRIDKD]DUGRXVPDWHULDO LQ WKH
WLPHVSDQ77KHLPSDFWRIGLUHFWIORZVLVDVVHVVHGLQE\
DGGLQJ WKH EDFNJURXQG bg LPSDFWV RI WUDQVIRUPDWLRQ
SURFHVVHVDORQJWKHSURGXFWFKDLQIURPH[WUDFWLRQSKDVHXSWR
38JDWH)LQDOO\LQLPSDFWVRIZDVWHIORZVDUHDVVHVVHGE\
FRQVLGHULQJ WUDQVSRUWDWLRQ WR GLVPLVVDO DQG HQGRIOLIH eol
RSHUDWLRQV
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VKRXOG EH SUHIHUUHG LQ WKH FDVH RI D KLJKO\ FROODERUDWLYH
V\PELRWLFFOXVWHU
2.3. Identification of key performance indicators 
,Q RUGHU WR DVVHVV WKH HIIHFW RI V\PELRWLF DFWLYLWLHV NH\
SDUDPHWHUV KDYH EHHQ LGHQWLILHG ,Q SDUWLFXODU WUDGLWLRQDO
HFRQRPLF LQGLFDWRUV WKDW DUH UHODWHG WR IORZ SXUFKDVLQJ DQG
VHOOLQJ LH FRVW IRU SXUFKDVLQJ D FHUWDLQ PDWHULDO WKDW DUH
FDOFXODWHG ZLWK WKH /LIH &\FOH &RVWLQJ PHWKRGRORJ\ DUH
FRPSOHPHQWHG ZLWK RWKHU HQYLURQPHQWDO VRFLDO DQG ULVN
LQGLFDWRUV (QYLURQPHQWDO LQGLFDWRUV DUH UHIHUUHG WR /&$
PLGSRLQWLPSDFWDVVHVVPHQWFDWHJRULHVHJ*OREDO:DUPLQJ
3RWHQWLDO ZKLOH VRFLDO LPSDFWV DUH UHIHUUHG WR 6RFLDO /LIH
&\FOH $VVHVVPHQW 6/&$ LQGLFDWRUV 3URVSHFWLYHO\ VXFK
SDUDPHWHUV DUH WKRXJKW WR EH VXSSOHPHQWHG ZLWK VRFLDO GDWD
UHODWHGWRORFDOVWDNHKROGHUV
)LQDOO\ ULVN LQGLFDWRUV DUH UHIHUUHG WR SRWHQWLDO QHJDWLYH
HIIHFWLQWKHGLUHFWXVHRIDVSHFLILFPDWHULDORUHQHUJ\$ULVN
FDWHJRU\ LV DVVRFLDWHG WR HDFK V\PELRWLF IORZ DFFRUGLQJ WR
SRWHQWLDOKHDOWKSUREOHPVIRUVLQJOHRSHUDWRUHPSOR\HGLQWKH
,6QHWZRUN>@
2.4. Assessment of Symbiotic potential  
2QFH WKH VXVWDLQDELOLW\ LPSDFWVKDYHEHHQPRGXODUL]HG LW
EHFRPHV SRVVLEOH WR VLPXODWH WKH /&6$ LPSDFW RI GLIIHUHQW
FRQILJXUDWLRQRIWKH,6LQWKHVLQJOHFRPSDQ\RULQWKHPXOWLSOH













൅ ࡵࡸ࡯ࡿ࡭൫݀ ௝݂ǡݖͳǡ௭ҧ൯ ൅ ࡵࡸ࡯ࡿ࡭൫ݓ ௞݂ǡݖͳǡ௭ҧ൯ቁ ሺͶሻ

7KHILUVWHTXDWLRQRIWKHV\VWHPUHSUHVHQWVWKHGLIIHUHQFH
EHWZHHQ LPSDFWV RI WZR VFHQDULRV $ % WDNLQJ LQWR
FRQVLGHUDWLRQ DOO WKH OLQNHG SURGXFWLRQ XQLWV = LQ DOO
FRPELQDWLRQVZLWKRXWGRXEOH FRXQWLQJ7KLV ILUVW HTXDWLRQ LV
DOVR DVVHVVHG E\ 6\PE\1HW ZLWK WKH UHIHUHQFH RI D JLYHQ
SURGXFWLRQXQLWݖҧሻǡWRKLJKOLJKWWKHSHUIRUPDQFHYDULDWLRQRID
VLQJOHFRPSDQ\RIWKH,67KHVHFRQGHTXDWLRQLQUHSUHVHQWV
WKH VWUXFWXUH RI WKH SK\VLFDO WHFKQLFDO DQG HFRQRPLF














ቀݍ௜ǡ௭ଵǡ௭ҧሺܤሻ െ ݍ௜ǡ௭ଵǡ௭ҧሺܣሻቁ כ ܴܵ௜ǡ௝ ൌ
ൌ ቀݍ௝ǡ௭ଵǡ௭ҧሺܤሻ െ ௝݀ǡ௭ଵǡ௭ҧሺܣሻቁ ǡ ݖଵ ് ݖҧǡ ׊ݖଵǡ ݖҧ  א 


7KH LQFUHPHQWDO LPSDFWV DUH FRQVLGHUHG UHVSHFW WR D
UHIHUHQFHFRQGLWLRQ HJ VFHQDULRZKHUHSURGXFWLRQXQLWV DUH
QRW SHUIRUPLQJ DQ\ V\PELRVLV DFWLYLW\ RU WKH SUHVHQW ,6
FRQILJXUDWLRQ
859 C. Brondi et al. /  Procedia CIRP  69 ( 2018 )  855 – 860 
2.5. Optimization algorithm 
6LPXODWLRQPRGHOVFDQEHOLQNHGZLWKRSWLPL]DWLRQFULWHULD
E\ WKH LPSOHPHQWDWLRQ RI PHWKRGV OLNH PDWKHPDWLFDO
SURJUDPPLQJLHVLQJOHREMHFWLYHDQGPXOWLREMHFWLYHFULWHULD





EH RSWLPL]HG 6\PE\1HW SURGXFHV RSWLPDO YDOXHV IRU WKHVH







PHDVXUHPHQW RQH REMHFWLYH IXQFWLRQ LV RSWLPL]HGZKLOH WKH
RWKHUVDUHXVHGDVFRQVWUDLQWVIROORZLQJWKHHSVLORQFRQVWUDLQW
PHWKRG >@ 7R VROYH WKH SUREOHP D KHXULVWLF DSSURDFK LV

















݊ א ܰכǡ ݖଵ ് ݖଶǢ ݖଵǡ ݖଶ א ܼǢݓ א ܹ ൌ ሺܫ ׫ ܬ ׫ ܭሻሺ͸ሻ

6XFK REMHFWLYH IXQFWLRQ UHSUHVHQWV WKH PLQLPL]DWLRQ RI
H[FKDQJHGIORZVqHDFKZHLJKWHGRQWKH8QLWDU\,PSDFWUI
RI WKH FKRVHQ LPSDFW FDWHJRU\ ZKLOH WKH RWKHU REMHFWLYHV
IROORZDVFRQVWUDLQWV,QnLVDQLPSDFWFDWHJRU\DPRQJWKH
N* WKDW DUH FKRVHQ WR EH RSWLPL]HG z1 DQG z2 DUH GLIIHUHQW
SURGXFWLRQXQLWRIWKH,6ZKLOHwLVDV\PELRWLFIORZDPRQJ
DOOWKHSRVVLEOHV\PELRWLFIORZVW,QWKLVZD\E\FRQVLGHULQJ
DV DQ H[DPSOH DQ HQYLURQPHQWDO LPSDFW FDWHJRU\ HTXDWLRQ
PLQLPL]HVWKHLQWHUFKDQJHGIORZVZLWKWKHPD[LPXPLPSDFWV









6\PE\1HW ZDV SUHOLPLQDULO\ WHVWHG WR PRGHO
FRQILJXUDWLRQVLQWKHH[HPSOLILFDWLYHFDVHRIDQHWZRUNRIQLQH
SOD\HUVIRXQGU\FHPHQWIDFWRU\EULFNIDFWRU\DQGSDSHUPLOO











+HQFH WKH QHWZRUN DQG WKH UHODWHG IORZV VXEVWLWXWLRQV DUH
PRGHOOHG )LJXUH  DQG WKH /&6$ LPSDFW FDWHJRULHV WR EH
RSWLPL]HG DUH VHOHFWHG WKH RSWLPL]DWLRQ LV UXQ DQG
DXWRPDWLFDOO\SURGXFHVDVHWRIVFHQDULRV
)RU H[SODQDWRU\ SXUSRVH RQO\ WZR LPSDFW FDWHJRULHV DUH
RSWLPL]HGDQ/&&LQGLFDWRUDQGDFOLPDWHFKDQJHLQGLFDWRU,Q
D ILUVW VWHS WZR VFHQDULRV DUH SURGXFHG FRQVLGHULQJ RQH
REMHFWLYHIXQFWLRQDWDWLPHLQWKLVZD\WKHRSWLPDOWKUHVKROG
IRU ERWK FDWHJRULHV LV IRXQG 7KLV PHDQV WKDW LQ D PXOWL
REMHFWLYHRSWLPL]DWLRQWKHYDOXHVREWDLQHGIRUWKHVHWZRLPSDFW
FDWHJRULHVFDQQRWEHORZHUWKDQWKHUHVSHFWLYHWKUHVKROGV7KH
VHFRQG VWHS LV WKH DSSOLFDWLRQ RI WKH HSVLORQFRQVWUDLQWV
PHWKRG LQ WKLV H[DPSOH WKH RQO\ FRQVWUDLQW LV WKH VHFRQG
REMHFWLYHIXQFWLRQWKHVWDUWLQJHSVLORQLVHTXDOWRWKHUHVSHFWLYH
WKUHVKROG 6LQFH WKH WKUHVKROGV DUH SDUW RI WZR GLIIHUHQW
VFHQDULRVWKHSUREOHPJHQHUDWHGDQHPSW\DGPLVVLEOHUHJLRQ




6\PE\1HW SURYLGHV DQ DVVHVVPHQW RI WKH VXVWDLQDELOLW\
SURILOHIRUWKHXVHRIV\PELRWLFIORZVDWWZRGLIIHUHQWOHYHOV$W
,6 OHYHO D VXVWDLQDELOLW\ SURILOH FDQ EH DVVHVVHG DV RYHUDOO
FRQWULEXWLRQRIWKHSURFHVVHVOLQNHGWRV\PELRWLFIORZVIRUHDFK
VFHQDULR $W IDFWRU\ OHYHO 6\PE\1HW DVVHVVHV NH\




SHUIRUPDQFH YDOXHV DUH PRUH HTXLOLEUDWHG DV D ZKROH EXW
VLQJXODUO\ ZRUVH WKDQ WKRVH REWDLQHG LQ WKH RWKHU VFHQDULRV
0RUHRYHU6\PE\1HWDOORZVWKHFDOFXODWLRQRIWKHV\PELRWLF




KHQFH VHHPV VXLWDEOH IRU WKH XVH E\ D FRPSDQ\ PDQDJHU
H[SORULQJSRVVLEOHFRRSHUDWLRQSURMHFWVDQGRUE\DQLQGXVWULDO
SDUNPDQDJHULPSOHPHQWLQJVXVWDLQDELOLW\SROLF\7KLVERWWRP
XS SHUVSHFWLYH LQ WKH DVVHVVPHQW VHWXS FDQ HQFRXUDJH WKH
LQYROYHPHQWRIQHZGLIIHUHQWSOD\HUVLQWKH,6QHWZRUN




DFFRUGLQJ WRDQRSHQ V\PELRVLVSRLQWRIYLHZ ,W LV SRVVLEOH
WKRXJKWKDWWKHLQFOXVLRQDQHZSOD\HUPD\EULQJEHQHILWVDW,6
OHYHOEXWQRWIRUWKHQHZVLQJOHSOD\HULQWKLVFDVH6\PE\1HW
FDQ SURYLGH EDVLV IRU QHZ EXVLQHVV PRGHOV LQYROYLQJ
FRPSHQVDWLRQWRVSHFLILFSOD\HUV
&RQFOXVLRQV
7KHSUHVHQWHG6\PE\1HW LV DEOH WRSURYLGHD/LIH&\FOH
6XVWDLQDELOLW\$VVHVVPHQW RI V\PELRWLF QHWZRUNV0RUHRYHU





FDWHJRULHV DQG 6'*V LV QRW DOZD\V GLUHFW DQG ZLWKRXW
RYHUODSSLQJ
7KH XVH RI WKH SUHVHQWHG WRRO QDPHO\ LQ WKH PRGHO
UHDOL]DWLRQ DQG LQ WKH VHOHFWLRQ RI WKH RSWLPL]HG LPSDFW
FDWHJRULHV PD\ FRQWULEXWH WR UHGXFH XQFHUWDLQW\ LQ SROLF\
DSSOLFDWLRQ DQG UHODWHG HIIHFWV ZLWKLQ ,QGXVWULDO 6\PELRVLV
QHWZRUNV
2SHQ LVVXH UHODWHV ERWK WR DSSOLFDWLYH LQWHJUDWLRQ DQG
PHWKRGRORJLFDO EDUULHUV 7KH DSSOLFDWLRQ RI 6\PE\1HW WR
FRPSOH[ ,6 QHWZRUNV FRXOG IXOO\ H[SORUH WKH RSWLPL]DWLRQ
IHDWXUHVE\HPSKDVL]LQJGLIIHUHQFHVZLWKRWKHU,6PDQDJHPHQW
WRROV ,QPHWKRGRORJLFDO WHUPVSHUVSHFWLYH LVVXHV UHJDUG WKH
DOLJQPHQW RI DVVXPSWLRQV ZLWK ,6 RSHUDWLRQDO URXWLQHV HJ




ODWWHUSUREOHP LQ WKHSUHVHQWYHUVLRQRI6\PE\1HW LW LV QRW
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